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TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE

F(7% = 37)/Tiotal <3.1x 1078, CL = 90%
1 C-nonconserving decay parameters

7t 7 70 left-right asymmetry (0091’8%%) x 102

7t 7 70 sextant asymmetry (0121’8%(1)) x 1072

a7 70 quadrant asymmetry (—0.09 + 0.09) x 10—2

7t 7™ v left-right asymmetry (0.9 £ 0.4) x 10—2

7T ™~ parameter 8 (D-wave) —0.02 £ 0.07 (S =1.3)
F(n = 799)/Teotal [a] <9x 107, CL = 90%
F(n — 2799)/Total <5x 1074, CL = 90%
F(n — 3709)/Miotal <6 x 1072, CL = 90%
F(n = 37)/Tiotal <1.6 x 1072, CL = 90%
Fn— m9ete™)/Miotal [b] <8x 1076, CL = 90%
M — 70t ™)/ Tiotal [b] <5x107%, cL =90%
M(w(782) = 779)/Tiotal <2.2x 1074, CL = 90%
M(w(782) — 279)/Tiotal <2.2 x 1074, CL = 90%
M(w(782) = 379)/Tiotal <23 x 1074, CL = 90%
asymmetry parameter for 7/(958) — 7t 7~ v decay —0.03 £ 0.04
F(/(958) = m0et e™)/Tiotal [b] <1.4x1073, CL = 90%
(' (958) — net e™)/Motal [b] <2.4x1073, CL = 90%
F(1(958) = 37)/Tiotal <1.0 x 1074, CL = 90%
M (958) — ut ™ 70)/Tiotal [b] <6.0x 1072, CL = 90%
F(n'(958) — ut pu™n)/Tiotal [b] <1.5x 1072, CL = 90%
F(J/9(1S) = ¥7)/Tiotal <27 %1077, CL = 90%
F(J/(1S) = 76)/Tiotal <1.4 x 107%, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment <0.11 x 10—28 ecm, CL = 90%

w electric dipole moment ‘d’ <1.8x 10719 ecm, CL = 95%

Re(d. = 7 electric dipole moment) —0.220 to 0.45 x 10716 ecm, CL = 95%
M — 7t 77)/Tiotal <1.3x 1072, CL = 90%

F(n — 279)/Tiotal <35 x 1074, CL = 90%

F(n — 479)/Tiotal <6.9x 1077, CL = 90%

M/ (958) — 7t 77)/Tiotal <1.8x 1072, CL = 90%

r(n'(958) = 7070) /Ty oal <4 x 1074, CL = 90%

HTTP://PDG.LBL.GOV Page 1 Created: 6/1/2020 08:29



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

F(1ne(1S) = 77 77) /Miotal <1.1x 1074, CL = 90%
M(1c(1S) = 7070)/Ioral <4 x 1072, CL = 90%
F(1ne(1S) = KT K™)/Tiotal <6 x 1074, CL = 90%
F(nc(18) - KLKL)/Miotal <3.1x 1074, CL = 90%

p electric dipole moment <0.021 x 10723 ecm

n electric dipole moment <0.18 x 10—25 ecm, CL = 90%
A electric dipole moment <15 x 10—16 ecm, CL = 95%
aP(/\g — pr wTaT) (—=3.7+1.5)%

ap(A) = pK=xtn7) (—0.6 + 0.9)%

ap(A) — pK=Ktr7) (4 +5)%

ap(A) - pK=KtK™) (—1.6 + 1.5)%

ap(A) = pK=ptp™) (=5 +5)%

ap(Z9 » pKk= K~ nt) (-3£5)%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment <0.11 x 10—28 ecm, CL = 90%
1 electric dipole moment |d] <1.8 x 10—19 ecm, CL = 95%
u decay parameters
transverse e polarization normal to plane of 1 (—2+£38)x 10-3
spin, et momentum
o/ /A (—10 + 20) x 103
B'/A (2+7)x1073
Re(d. = 7 electric dipole moment) —0.220 to 0.45 x 10716 ecm, CL = 95%
Ppin KT — n0uTy, (—1.7 £2.5) x 1073
Ppin KT = ptu,y (0.6 + 1.9) x 102
Im(&) in kKt - 70 T vy decay (from transverse —0.006 4 0.008
pol.)
asymmetry A in Kk0-K0 mixing (6.6 £ 1.6) x 10—3
Im(§) in K23 decay (from transverse p pol.) —0.007 + 0.026
Ap(DE - KEKErtrm) [c] (—12+11) x 103
Ap(DO — Kt K= ntz7) [c] (2.9 +22)x1073
Ap(DE — KQKkEatam) [c] (—14 +8) x 10~3
+ (c— +
AS+ (SZ*,Kg — SZJF,Kg) —1.37 £ 0.15
— _l’_ —
AST (SIZ*,Kg - Se+,Kg) 1.17 + 0.21
+ (c— _ ct
ACT (Cé—,K% CZ"F,K%) 0.10 + 0.16
— + —
ACH (Cé—,Kg — CZ"’,Kg) 0.04 + 0.16
p electric dipole moment <0.021 x 10723 ecm
n electric dipole moment <0.18 x 10—25 ecm, CL = 90%
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n — pe” U, decay parameters

® Ay phase of g4 relative to gy, [d] (180.017 + 0.026)°

triple correlation coefficient D [e] (—1.2£2.0)x 10—4

triple correlation coefficient R [e] 0.004 £+ 0.013
A electric dipole moment <1.5 x 10—16 ecm, CL = 95%
triple correlation coefficient D for ¥~ — ne™ 7, 0.11 £ 0.10

CP INVARIANCE

Re(d%) <0.50 x 10717 ecm, CL = 95%
Im(d"%) <1.1x 10717 ecm, CL = 95%
0 (CP violating phase in neutrino mixing) 1.36 £+ 0.17 7 rad
n — wTn~ et e decay-plane asymmetry (—0.6 +3.1) x 102
M — 7t 77)/Tiotal <1.3x 1075, CL = 90%
F(n — 279)/Tioeal <3.5 x 10~4, CL = 90%
F(n — 470)/Tiotal <6.9x 1077, CL = 90%
F(n'(958) — 7t 77)/Tiotal <1.8x 1072, CL = 90%
r(n'(958) = 7070) /Tl <4 x 1074, CL = 90%
KT — nTete rate difference/sum (—2.2£1.6) x 102
KE & % * 1™ rate difference/sum 0.010 + 0.023
Kt - ot 70+ rate difference/sum (0.0 £1.2) x 10-3
Kt o afata rate difference/sum (0.04 £+ 0.06)%
KE o 7F 7070 rate difference/sum (—0.02 £ 0.28)%
Kt = atrta™ (g, —g.)/ (ef +&_) (—1.5+2.2) x 1074
Kt 7t7070 (g, — g )/ (gp +&) (1.8 + 1.8) x 10~4
As =[T(KE = 77 etwy) -T(KE = nTe™7,)] (—4 +6)x103

/ SUM
Im(ny_g) = Im(A(KE — 7+ 7= 70, CP-violating) —0.002 + 0.009

/ AKY — at 7= x0))
Im(11900) = Im(A(K — 707070)/A(KQ — —0.001 + 0.016

70 71'071'0))
nooo| = |AKKE — 370)/A(K9 — 370)] <0.0088, CL = 90%
CP asymmetry A in K% - ata ete™ (—0.4 £0.8)%
r(KS — 379)/Toral <2.6 x 10~8, CL = 90%
linear coefficient j for K(Z — atr— 0 0.0012 4+ 0.0008
quadratic coefficient f for K(L) — atr— a0 0.004 + 0.006
(€ |fefor K§ — ntay <0.3, CL = 90%
lgp1| for K§ — 7Fa=y <0.21, CL = 90%
MK = 7OuF 1) /Tiotal [f] <3.8x 10710, CL = 90%
r(KY — 70ete™)/Miotal [f] <2.8x 10710, CL = 90%
MK = 70uD)/Tioral [g] <3.0x1079, CL =90%
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pEv)

K? et v)

K% wi)

K+ 27r:t)
KFntnt 71'0)
K% rt 71'0)

K% rt atr7)
i 71'0)

)
nt 7/ (958))
KO /KO KE)

K K¥)

K+t K= rT)
KT K*O)

prt)

K* K§(1430))
KE K3(1430)0)
KE K§(700))
ap(1450)0 7 %)
$(1680) 7+)
ata— 7r:|:)

K% K* ataT)
K* 7r0)

Dt & rta—aTt
DT — KtK—nT

’q/p‘ of DO-D0 mixing
Ar of p0-po mixing

(8 + 8)%
(—0.6 +1.6)%
(—0.41 =+ 0.09)%
(—0.18 + 0.16)%
(-0.3 +£0.7)%
(0.1 +£0.7)%
(0.0 + 1.2)%

(2.4 £1.2)%

(1.0 £ 1.5)% (S = 1.4)
(—0.6 £ 0.7)%

(0.11 + 0.17)%

(—0.01 & 0.07)%
(0.37 + 0.29)%

(—0.3 + 0.4)%

(0.01 4 0.09)% (S = 1.8)
B 0)%

(43120)%

(121 18)%

(191 1%

(—9 + 26)%

(=2 £ )%

(-4 +£7)%

(—4 + 11)%

78.1%

31%

+0.12
0.92_0'09

(—0.125 + 0.526) x 103

Where there is ambiguity, the CP test is labelled by the DO decay mode.

Acp(DO —
Acp(DO —
Acp(D° —

Acp(DO = =

Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D° —

R

KT K™)
0 10
KsKs)
atrT)
Oﬂ_O)

P7Y)

$7)
K*(892)0)
A 7r0)

p(770) T 7™ — 7r+71'_71'0)
p(770)071'0 — 7T+7T_7T0)
p(770) " 7T — 7r+71'_71'0)

p(1450) T 7~ — atx— 7r0)
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(6 + 15) x 10~2
(-9 +7)x1072
(—0.3 +2.0) x 10~2
(0.3 + 0.4)%

(1.2 + 0.9)%
(3.1 £3.00%
(-1.0 £ 1.7)%
(0 £ 70)%

Created: 6/1/2020 08:29



Acp(DO —
Acp(D° —
Acp(D° —
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D° —

A

Acp(D —

Ac p(nonresonant DO — ata—x

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor.

p(1450)071'0 — 7T+7T_7T0)
p(1450) " 7t — 7t~ 7r0)
p(1700) T 7~ — at 7™ 7r0)
p(l?OO)Oﬂ'O — 7T+7T_7T0)
p(1700) " 7t — at ™ 7r0)
f0(980)71'0 - ata— 71'0)
f0(1370)71'0 - ata~ 71'0)
f0(1500)71'0 — 7r+7r_71'0)
f0(1710)71'0 — 7r+7r_71'0)
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0(400)71'0 - ata— 71'0)

%
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a1(1260)t 7= — 27t 277)
a1(1260)~ 7t — 27t 277)
7(1300)t 7~ — 27t 277)
7(1300) " 7t — 27t 277)
a1(1640)+71'_ — 2x T 277)
7T2(1670)+7T_ — 2nT277)
o fp(1370) — 27T 277)
ap(770)0 — 2nT2n7)
2p(770)0 = 27T 277)
2f,(1270) — 27T 277)

Kt K= x9)

K*(892)T K~ — Kt K~ x0)
K*(1410)t K— —» KT K—#0)
(KTr0)gk— = Kt k= 0)
$(1020) 70 = KT K= =0)
f5(980) 790 — Kt K= 70)
ap(980)970 — Kt K—#0)
F,(1525) 70 — K+ k= 70)
K*(892)~ KT —» Kt K~ x0)
K*(1410)~ Kt - Kt K—#0)
(K~ 196 _wave KT = KT K= x0)
K%TK’O)

Kn)

K2

K$9)

K~ =T)
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Acp(DO — K~ ntx0)

Acp(DO — KT 7= x0)

Acp(DO — KLzt r™)

Acp(DO — K*(892)~ 7T — KQxta™)
Acp(DO — K*(892)T 7~ — KQxtr™)
Acp(DO — K20 — KQrtr7)
Acp(D® — Klw —» Kertr7)
Acp(DO — K2f(980) —» KLzt r7)
Acp(DO — K%f(1270) - KLatn™)
Acp(DO — K%£(1370) - KLatn™)
Acp(DO — KO0(1450) —» KLrtr7)
Acp(DO — KOf(600) —» K&rtr™)
Acp(D0 — K*(1410)" 7T — KQat77)

Acp(DO — K§(1430)" 7T — K&zt r7)
Acp(DO — K§(1430)~ 7T — K&zt r7)
Acp(DO — K3(1430)" 7T — KQat77)
Acp(D0 — K3(1430) 7~ — KQat77)
ACP(DO - K atzatzr)

ACP(DO — Ktr—xtz)

Acp(D0 — KT K= ata)

Acp(DO — KI(1270)F K= —» KT K= at77)
Acp(DO — Ki(1270)F K= — K0zt k™)
Acp(D0 — Ki(1270)~ K+ — K*0rx— KT)
Acp(D0 = Ki(1270)~ Kt —» KT K=t x7)
Acp(D0 — Ki(1270)t K= — PO KT K™)
Acp(DO — KI(1270)" KT - POk~ KT)
Acp(D9 — Ky(1400)T K~ — Kt K7t x7)
Acp(D0 — K*(1410)t K~ — K*0xt k™)
Acp(D0 — K*(1410)~ Kt — K*0x— k)
Acp(D9 — K*(1680)T K~ — KT K~ ntz7)

ACP(K*OV*O) in DO, DO — K*07%c0
ACP(DO — K*0K*0 S-wave)
Acp(9p0)in DO, DO — ¢,0

ACP(DO — ¢p9 S-wave)

Acp(DO = ¢p0 D-wave)

ACP(DO - ¢(7r+7r_)5—wave)
Acp(DO — K*(892)0 (K™ 7T )s_yave)
ACP(DO — KT K~ 7t 7~ non-resonant)
Acp((K™ 7T+)P—wave (K+7r_)$—wave)
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(0.2 + 0.5)%
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(-1 +10)%
(=10 £ 32)%
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(-7 +17)%
(10 + 13)%
(—4.4 +2.1)%
(=20 £+ 17)%
(-1 +14)%
(—17 £ 29)%
(=5 + 14)%
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(1+9)%

(-3 +5)%
(=37 £ 19)%
(6 + 6)%
(—10 + 40)%
(8 & 20)%
(3+11)%
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CP-even fraction in D0 — gta—

70 decays

CP-even fraction in D9 — K+ k=70 decays

CP-even fraction in DO — 7t 7~
Local CPV p-value in DO, DY —
Local CPV p-value in DO, Do -
Local CPV p-value in DO, Do

Local CPV p-value in DO, DO
Local CPV p-value in DO, DO
+
ACP(Dj: — /ftu)
+ 4,0
ACP(DS — K KS)

Acp(DE - KT K~ x¥)
Acp(DE = ¢nt)
Acp(DE - kEKkQ0)
Acp(DE — 2KkQ7)
Acp(DE = KT K= aEq0)
Acp(DE — KEKQata)
Acp(DE — KQKkFort)
ACP(D;t — 7r+7r_7r:t)
ACP(D;t — ﬂ'i?’])
ACP(D;t — win/)
ACP(D;t — 7771':‘:71'0)
ACP(D;t — /7r:|:71'0)
Acp(DE — kEa0)
Acp(DE — KO /KO7E)
Acp(DE — KQn)
Acp(DE - KExtro)
Acp(DE - KEn)
Acp(DE — KEn/(958))
Acp(BY = J/p(1S)KT)
Acp(BT — J/p(1S)nT)
Acp(BY — J/ppT)
Acp(BT — J/pK*(892)T)
Acp(BT — n.KT)
Acp(BT — ¢(2S)nT)
Acp(BT — ¢(2S)KT)
Acp(BT — ¢(25) K*(892)T)
Acp(BT = xc(1P)xT)
Acp(BT = xcoK™)
Acp(BT = xc1KT)
Acp(BT = xc1 K*(892)T)
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4.9%

(0.6 + 0.2)%
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(5 + 6)%
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(0.5 £ 0.9)%
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(-2 % 6)%

(3+5%

(0.0 £ 3.0)%

(=6 £ 5)%

(4.1 £ 2.8)%

(0.7 £3.1)%

(1.1 +3.1)%

(—0.9 £ 0.5)%

(-1 4 4)%

(0 + 8)%

(—27 £ 24)%

(0.4 £ 0.5)%

(0.20 £ 0.18)%

(4 £ 5%

(9 £ 15)%

(6 £ 19)%

(1.8 + 3.0) x 10~3 (S = 1.5)
(1.8 £ 1.2) x 1072 (S = 1.3)
—0.05 =+ 0.05

—0.048 + 0.033

0.01 £ 0.07 (S = 2.2)
0.03 + 0.06

0.012 + 0.020 (S = 1.5)
0.08 £ 0.21

0.07 + 0.18

—0.20 + 0.18 (S = 1.5)
—0.009 £ 0.033
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Acp(Bt = D7)

Acp(BT = Dop(41)7")
Acp(BT = Dop(—1)™")
ACP([K:':w:tw+7T_]D7r+)
ACP(B+ — [7T+7T+7T_7T_]DK+)
Acp(BT — [ntnntn"]pK*(892)T)
Acp(BT — DOkT)
Acp([KFrtrt =] pkT)
ACP(B+ — [7T+7T+7T_7T_]D7T+)
Acp(BT — [K~7T]pKT)
Acp(BT = [kt x01p k)
Acp(BT = [KT K= x0]pKkT)
Acp(BT = [rta=x0]p k™)
Acp(BT — DOK*(892)1)
Acp(BT = [KTnTn~ nTl5K*(892)™)
Acp(BT — [K=aT]pnT)
Acp(BT = [K~xtx0]pxt)
Acp(BT = [KT K= x0]pnt)
ACP(B+ — [7T+7T_7TO]D7T+)
Acp(BT — [K_7r+](D7r)7r+)
Acp(BT — [K—ﬁ](D,y)ﬁ)
Acp(BT = [K= 7] pry KT)
Acp(BT — [K—w+](D,y) KT)
Acp(BT = [rta—x0]p k™)

Acp(BY = [KEKFx~]pKT)
Acp(BY = [KEK=xF]pKT)
Acp(BT = [KYKk==nt]pnT)
Acp(BT = [KYktz=paT)
Acp(BT — [K*(892)" KT]pKT)
Acp(BT — [K*(892)TK~]pKT)
Acp(BT — [K*(892)T K~ ]pn™T)
Acp(BT — [K*(892)~ KT]pnT)

Aaps(BT — Drt)
Apups(BT = [K=aT]pKTn—nT)
AADS'(B+ — [K_7T+]D7T+7T_7T+)

Acp(BT = Dop_1yK™)

Acp(BT — [KTKT]pKTa—at)
ACP(B+ — [7T+7T_]DK+7T_7T+)
Acp(BT — [K—nT]pKtr—7T)
Acp(BT — [KT KT |prta—nT)
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—0.007 £ 0.007
—0.0080 + 0.0026

0.017 £ 0.026

0.02 & 0.05

0.10 & 0.04

0.02 + 0.11
—0.017 + 0.005
—0.31+0.11
(—4 +8)x103
—0.58 & 0.21
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SKT)
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K¥*T KT K™)
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KT ¢9)

Kt odl, )
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dKT )

Pt )
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pOrT)
p0(1450) 1)
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wrT)

wp™)

nat)
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—0.06 + 0.07
—0.03 + 0.15

0.07 + 0.08

0.31 + 0.13

—0.15 + 0.12

0.12 £ 0.11

—0.03 +0.15

—0.01 +0.16

—0.46 + 0.20

0.04 + 0.14

0.025 + 0.031

0.024 + 0.028 (S = 2.3)
—0.04 + 0.07

0.11 + 0.09

—0.01 + 0.08

0.04 + 0.16

0.15 + 0.20

—0.23 +0.20

—0.10 + 0.08

0.09 + 0.10

0.014 + 0.018

0.028 4 0.019

—0.12 + 0.07

—0.13 4+ 0.11 (S = 1.1)
—0.11 + 0.33

0.03 + 0.04

0.009 + 0.019

—0.11 + 0.05

+0.23
—0.147 576

0.02 + 0.11

—0.05 & 0.05

—0.04 + 0.05

—0.20 + 0.09

—0.14 £+ 0.07 (S = 1.4)
0.11 £ 0.11

0.06 + 0.16

0.26 + 0.17

0.05 + 0.16

0.00 £ 0.04

0.00 =+ 0.04 (S = 2.2)
0.21 + 0.16 (S = 1.4)
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ACP(B+ — pAy)
Acp(BT — pAxD)
Acp(BY — KTetem)
Acp(BT — KTeTe™)
Acp(BT — Kt putpu™)
Acp(BT — K¥Tetem)
Acp(BT — K¥*ete)
Acp(BT — K*ptpu™)
Re(ego)/(1+|ego|?)

At /cp(BY < BY)

Acp(BY — D*(2010)T D7)
Acp(BY — [KTK™]1pK*(892)0)
Acp(BY — [KTn]pK*(892)0)
Acp(BY = [nFn~]pK*(892)0)
Acp(BY — 1 K*(892)0)
Acp(BY — 1 K§(1430)0)
Acp(BY — 1 K3(1430)0)
Acp(BY — nK§(1430)0)
Acp(BY — nK3(1430)0)
Acp(BY = by KT)
Acp(BY = wk*0)
Acp(BY = w(Km)E0)
Acp(BY = wk3(1430)0)
Acp(BY » Kt x0)
Acp(BY = p~ K1)
Acp(BY — p(1450)~ KT)
Acp(BY — p(1700)~ KT)
ACP(BO — Ktr— 70 nonresonant)
Acp(BY » KOtz
Acp(BY = (Km)it =)
Acp(BY — K3(1430)T ™)
Acp(BY — K*(1680) T )
Acp(BY — £5(980)KY)
Acp(BY = (Km)5070)
Acp(BY — K*070)
Acp(BY — K*(892)0xtn—)
Acp(BY — K*(892)000)
Acp(BY = K*0£y(980))
Acp(BY = K*tp7)

—

Acp(BY = K*(892)0 KT K™)
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0.14 + 0.14

0.011 + 0.017

—0.09 + 0.14

—0.14 + 0.23

—0.12 + 0.24
(—0.5+0.4) x 1073
0.005 + 0.018

0.037 + 0.034
~0.05 £ 0.10
0.047 + 0.029
—0.18 + 0.14
—0.07 £ 0.18
~0.19 £ 0.17
0.14 + 0.18
0.06 + 0.13
—0.07 £ 0.19
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0.45 + 0.25
—0.07 £ 0.09
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(0 & 6) x 10~2
0.20 4 0.11
~0.10 + 0.33
~0.4 £ 0.6
0.10 + 0.18
—0.01 & 0.05
0.02 + 0.04
—0.29 + 0.24
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0.28 4 0.31
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—0.06 & 0.09
0.07 £ 0.10
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Acp(BY = al K1)
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Acp(BY = pArT)
Acp(BY — K*0ut i)
Acp(BY — K*0etem)
Acp(BY — K*Oputum)

0 * - p+
Cpr(2010)- p+ (B = D*(2010)~ D)
0 * + p—
Cpr(2010)+ p- (B® = D*(2010)F D7)
Cprs pr (BY = D*F D*7)
¢, (B9 —» D*tp*7)
c_ (B — Dp*tp*)
S_ (B9 — D*tp*)
¢ (BY —» D*(2010)F D*(2010)~ KY)
s (B9 — D*(2010)F D*(2010)~ K2)
Cp+ p- (B = DT D7)
€ p(15) 0 (BO = J/4(15)=0)
B — J/¢(15)p08

0 *) 10
Cpt) o (BZ = Doph)
CcP

*
S0 o (B% = DG H )
cp
Co0 (B = KO0)
0 / 0
Cn’(gss)Kg (B — /(958) k)
0 / 0
sn,(958)K% (B — /(958) k)
Cn’KO (BO - 77/K0)

ch% (B —» wkQ)

HTTP://PDG.LBL.GOV Page 12

—0.16 &+ 0.12

—0.6 £0.7
0.00 + 0.04
0.2+04

0.12 £+ 0.08

—0.11 + 0.10

—0.006 + 0.011
—0.08 £+ 0.15

—0.009 + 0.018
0.13 4 0.06 (S = 1.1)
—0.08 + 0.08
—0.07 + 0.06
—0.05 + 0.10

0.05 + 0.12
0.04 £+ 0.07
—0.05 £+ 0.10
—0.21 £ 0.19
—0.034 £+ 0.024
—0.01 £ 0.11

0.00 + 0.13 (S = 1.3)

0.01 + 0.09 (S = 1.6)
0.00 + 0.10 (S = 1.6)
0.19 + 0.31

0.1+ 1.6 (S = 3.5)
0.01 + 0.29

01404

—0.22 + 0.24 (S = 2.5)
0.03 + 0.17 (S = 1.5)

—0.06 + 0.06
—0.02 + 0.08

—0.66 + 0.12

0.00 4+ 0.13 (S = 1.4)
—0.04 + 0.20 (S = 2.5)

0.43 £ 0.17 (S = 1.5)
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SKO ot (B0 — KOzt o= nonresonant)
Clo ot (BO — KOt 7= nonresonant)
CK% K (B9 —» k2kQ)

SK%K% (B0 » k%kQ)

CK+ K- K% (B0 - KTK™ K% nonresonant)
Crot k- K (B » KT Kk~ KY inclusive)
CoKQ (B — ¢kQ)

5¢K% (B —» ¢kQ)

CKe Ks KS(BO - KsKgKg)
Sk ks K (B = KsKsKs)
0 0.0
CKgﬂ'Ofy(B — Kgm-v)
0 0.0
SK%ﬂ'O'y(B — Kgm-v)
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+0.27
089 530
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0.29 + 0.20
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—05=+05
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—0.2£05
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0.01 + 0.26
0.0 + 0.4 (S = 1.4)
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—0.23 +0.14
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s(BY - ,09)
0 0.0
Cﬂ_oﬂ_o(B — ﬂ')
Con (B0 - pt 7))
Spﬂ. (BO — pTa7)
ASpﬂ. (B0 — pta7)
€0 70 (B0 — p070)
5,070 (B0 —» 09
Cayme (B9 — aq(1260)77)
Sayr (BY = a1(1260) T 7 ™)
AC, (BO = a1(1260)F 7 )
A alﬂ(B — a1(1260) T 77)
c(BY — b KT)
AC(BY - by rt)
Cpo o (B9 — p0p0)
g0 0

p p0 (BY = p000)

Cpp (B = pTp7)
Spp (B = ptp7)

A (BO = U/ K*(892)0)
cos 28 (BY = J/9 K*(892)9)
cos 203 (BO — [K%?T+7T_]D(*)
(Sy +5_)/2 (B - D*~xT)
(S_ —5,)/2 (B » D*~ =)
(Sy +5_)/2(B% - D™ xT)
(S_ —54)/2(B% - D™ xT)
s, (B - D=t

s_ (B9 - Dta)

(Sy +5_)/2 (8% - D™ pt)
(S_ —5,)/2(BY > D= pT)
0 0

chKO (B - n.kY)

o)

Coopli (B = cek(¥)0)
J/w(nS)KO (B — J/w(nS)KO)
(B = J/ypk*0)

a0

J/LbK*O
J/sz*O (BO - J/"r/)K*O)

KO (B - XCOKS)

a . »n

Xc0

n

XCOK% (B - XCOKS)

Aa

Xcl
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—-0.8 0.7
—0.33 £ 0.22

~0.03 £ 0.07 (S = 1.2)
0.05 + 0.07
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0.27 + 0.24

~0.23 4+ 0.34

~0.05 + 0.11
~0.2+ 0.4 (S =3.2)
0.43 + 0.14 (S = 1.3)
~0.11 + 0.12

~0.22 4 0.24

~1.04 + 0.24

0.2 + 0.9

0.3+ 0.7

0.00 + 0.09

—0.14 + 0.13

<0.25, CL = 95%
17150 (s = 1.6)
0.91 + 0.25

~0.039 + 0.011
~0.009 + 0.015
0.046 + 0.023
~0.022 + 0.021
0.058 + 0.023

0.038 + 0.021
~0.024 + 0.032
~0.10 + 0.06

0.08 + 0.13

(0.5 + 1.7) x 10~2
(0.5 + 2.0) x 10~2
0.03 + 0.10

0.60 = 0.25
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—03104

—0.7£05

0.06 &+ 0.07
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sin(2Be56)(BY — ¢ KO)

sin(287) (B — ¢ K (1430)0)

sin(2B)(B0 — [KLnt 7] ) H0)

A (B9 — [K%WJFW—]D(*) h0)

]sin(2,8 + 'y)]

28+

xy (B9 —» Dk*0)

x_(BY » DK*0)

y_(BY » DK*0)

Acp(B — K*(892)7)

Acp(B — s7v)

Acp(B = (s+d)v)

Acp(B — X Te7)

Acp(B — K*eTe)

Acp(B = K*utu™)

Acp(B — K*ete™)

Acp(B — mnanything)

AACPp(Xs7) = Aop(BE = X.v) — Acp(BO —
Xs7)

Acp(B = Xs7) = (Acp(BT = Xg7) +
Acp(BY = X.v))/2

Acp(B— K*v) = (Acp(BT — K*ty) +
Acp(BY — K*04))/2

Re(eBg) /(1 + |eBgy2)

Ckk(BY = KTK™)

Skk(BY = KTK™)

rp(BY - DT k*)

5p(BY » DEKTF)

CP Violation phase 3

A%P(Bs — J/pK*(892)0)

A|CP(BS — J/pK*(892)0)

AL p(Bs = J/9K*(892)0)

Acp(BY — [Kt K~ ]pK*(892))

Acp(BY =[x K™1p K*(892)0)

Acp(BY =[xt 7~ ]pK*(892)0)

F(nc(1S) = 77 77) /Tiotal

M(nc(1S) = 7070) /Mgy

F(nc(1S) = KTK™)/Tiotal

F(nc(1S) — K% K%)/rtotal

n electric dipole moment
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0.22 £ 0.30

+0.03
0.97 g52

0.80 + 0.16
1.01 + 0.08

>0.40, CL = 90%
(83 + 60)°

0.04 + 0.17
—0.16 + 0.14
0.20 + 0.25 (S = 1.2)
—0.003 + 0.011
0.015 + 0.011
0.010 + 0.031
0.04 + 0.11
—0.18 + 0.15
—0.03 + 0.13

—0.04 £ 0.07

+0.04
—0.13 005

0.041 £ 0.023

0.009 £ 0.012
—0.001 £+ 0.014

(—0.15 + 0.70) x 10~3

0.14 £0.11

0.30 = 0.13

+0.10
0372 0.09

(358 =+ 14)°

(2.55 & 1.15) x 10~ 2 rad
—0.05 = 0.06

0.17 + 0.15

—0.05 =+ 0.10

—0.04 £ 0.07

—0.01 + 0.04

0.06 + 0.13
<1.1x10~4, CL = 90%
<4 x 1072, CL = 90%
<6 x 10~4, CL = 90%
<3.1x 1074, CL = 90%
<0.18 x 1072% ecm, CL = 90%
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(a +@)/(a—a) ili\ — pr, A— Bt —0.002 + 0.012
el
(a+a@)/(a—a)in Q™ - AK—, 2T = Akt —0.02 £ 0.13

(@ +@)/(a—a@) in AT = Axt A- = An —0.07 + 0.31

(@ +@)/(a—a@) in AT = Aetv, A- — Ae~ 7, 0.00 + 0.04
Acp(Ap = pm7) —0.025 + 0.029 (S = 1.2)
Acp(Ap = pKT) —0.025 + 0.022
AAcp(pK™ /77) 0.014 + 0.024
Acp(Ap = pKOmT) 0.22 + 0.13
AAcp(J/bpr— /KT) (5.7 £ 2.7) x 10~2
Acp(Ap = AKTa7) —0.53 £ 0.25
Acp(Ap = AKTK™) —0.28 £ 0.12
AAcp(A) = pK™ pt ™) (—4 +5) x 1072
A(N) ~0.22 +0.13

A (A) 0.13 + 0.13

A () ~0.01 £ 0.12

A () —0.07 + 0.12
acp(AQ — pr=rntr7) (1.1 £ 1.5)%
acp(A) = pK=xta7) (—0.8 +0.9)%
acp(M) » pK=KT77) (-1 +5)%
acp(M) — pK= KT K™) (1.1 + 1.5)%
acp(AQ = pK=putp) (1+5)%
acp(Z) — pKk= K™= t) (—4 +5)%

CP VIOLATION OBSERVED

Re(e) (1.596 + 0.013) x 103
charge asymmetry in K23 decays
A| = weighted average of A; (1) and A (e) (0.332 £ 0.006)%
Ap(p) =M@= uto,) = Tt p=w,)]/sum (0.304 + 0.025)%
A(e) = [[(r~eTv,) — M(rT e 7,)]/sum (0.334 + 0.007)%
parameters for K(Z — 2w decay
ngo| = [AKY — 270 / (2.220 4 0.011) x 1073 (S = 1.8)
AKS — 270)]
g _| = [AKY - xFa7) / AKE — (2.232 4 0.011) x 1073 (S = 1.8)
T )|
le| = Jnp_| + |ngol)/3 (2.228 £ 0.011) x 1073 (S = 1.8)
Inoo/n4—_| [/] 0.9950 & 0.0007 (S = 1.6)
Re(’/e) = (1=|ngo/n4_|)/3 [i] (1.66 + 0.23) x 1073 (S = 1.6)
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Assuming CPT

¢4, phase of 4 (43.51 4+ 0.05)° (S = 1.2)

$00. phase of ngq (43.52 4+ 0.05)° (S = 1.3)

b = (26 _ + dg0)/3 (43.52 + 0.05)° (S = 1.2)
Not assuming CPT

¢4, phase of ny (43.4 £ 0.5)° (S =1.2)

$00. phase of ngq (43.7 £ 0.6)° (S =1.2)

b = (26 _ + dgo)/3 (435 + 0.5)° (S = 1.3)
CP asymmetry A in K(L) - ataete™ (13.7 £ 1.5)%

Bep from K§ — etemetem —0.19 + 0.07

vcp from K(Z — ete ete™ 0.01 £ 0.11 (S =1.6)

parameters for K? — 7r+7r_'y decay
np—s] = |AKKQ = 7Tr—y, cP (2.35 + 0.07) x 103
violating) /A(K — 7+ 7= )]

¢+—’Y = phase of Ny —ny (44 + 4)°
MK = 77 77)/Tiotal ] (1.967 + 0.010) x 10~3 (S = 1.5)
r(K = 7070)/Total (8.64 & 0.06) x 10~4 (S = 1.8)
AAg(;D = Acp(KtK™) = Agp(rtn) (—0.154 + 0.029)%
Acp(BT — [K™nT]5K*(892)7) —0.75 + 0.16
Acp(BtT — Dep(+1) KT) 0.120 + 0.014 (S = 1.4)
Asps(BT — DKT) —0.40 + 0.06
Acp(BT — nKT) —0.37 £ 0.08
Acp(BT = £(1270)KT) —0.681 012
Acp(BT = pOk™) 0.37 + 0.10
Acp(BT — Kt K= zT) —0.122 + 0.021
Acp(BT — KTK™KT) —0.033 £ 0.008
Acp(BT — ntr—rT) 0.057 + 0.013
Acp(BT — fp(1270)7T) 0.40 + 0.06
Acp(BT — fy(1370)7T) 0.72 £ 0.22
5 (71.1739)°
rp(BT — DOKT) 0.0993 + 0.0046
sg(BT — DOKT) (120.672:9)°
rp(BT — DOK*t) 0.076 + 0.020
sp(BT — DOK*t) (98 38)°
rp(BT — D*Okt) 0.140 + 0.019
sp(BT = D*0kt) (31922 T)°
Acp (BO —» KkKta—) —0.083 + 0.004
Acp(BY = nK*(892)0) 0.19 + 0.05
Acp(BY — K*(892)tn ) —0.27 + 0.04
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0 * - p+
5D*(2010)_D+ (BY — D*(2010)~ DT)

0 * + p—
Sp-(2010)+ p- (B = D*(2010)* D7)
Spet pe (BY — D*TD*7)

S, (BY —» D*tDp*7)

Sp+p- (B9 = DTD™)

S ) p(15) 70 (B9 = J/9(15)=0)
S(B9 — J/p(15)p0)

SKOTrO (BO — KOTFO)

Sn’KO (BO - n'KO)

S _K% (BO — KtK— K% nonresonant)

KT K

Sps K K (B » KT Kk~ K inclusive)

Crr (B0 - ata7)

Sen (BO — atax7)

AC,. (BO = ptr)

S K (B > n.KY)

sin(28) (BY — J/yKQ)

S J /(nS) KO (BY = J/9(nS)KO)

S B0 KQ
Xc1 K% ( Xel S)

sin(28e5,)(BY — KT K~ KY)
(0%

rgo(B% — DK*0)

5g0(B% - DK*O)

Acp(Bg — 7T K™)

—0.72 £ 0.15
—0.73 £ 0.14

—0.59 + 0.14 (S = 1.8)
—0.73 + 0.09

+0.15 (¢ _
—0.76 113 (S =1.2)
—0.88 +0.32 (S = 2.2)

+0.16
—0.66 " 515

0.58 + 0.17
0.63 + 0.06

—0.66 = 0.11
—0.65 £+ 0.12

—0.32 £ 0.04
—0.65 £+ 0.04
0.27 £ 0.06

0.93 + 0.17

0.695 £ 0.019
0.701 £ 0.017

0.63 = 0.10

o7t
(84.972-3)°
0220798
(1941 39)°
0.221 + 0.015

CPT INVARIANCE

(myy+ = my—) / Maverage
(Mg = m_ )/ Mayerage

|G+ + ag-|/e

(8ot — 8o-) / Baverage

(T,lﬁ - T'uf) / Taverage

(gu+ - g/f) / 8average

(m7-+ -m__ )/maverage

<Am%1 — Aﬁ%1> in neutrino mixing
<Am%2 — Aﬁ%2> in neutrino mixing
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(—3.7+35)x 1074

<8x 1079, CL = 90%
<4x10°8

(0.5 +2.1) x 10712

(248) x107°

(—0.11 + 0.12) x 10~8
<2.8x10~4, CL = 90%
<1.1x107% eV2 CL = 99.7%
(—0.12 + 0.25) x 1073 eV2
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mt—mf

(mﬂ-+ - mﬂ-f) / Maverage

(Tﬂ.Jr Tﬂ—f) / Taverage

(mK+ - mK_) / Maverage
(Tk+ = Tk-)/ Taverage
Kt - ,u:t Yy

K:l: — 7T:|:7T0

rate difference/sum

rate difference/sum [k]
§in KO — KO mixing
real part of §
imaginary part of §
Re(y), Ko3 parameter
Re(x_), Kg3 parameter

’mKO - m70‘ / Maverage [/
(rKO - r70)/’"average
phase difference ¢gg — ¢4 _
Re( 2 1 AL
e(§n4— + 3700)—3*
Acpp(D® — K= =)
+ - +
A3CPT g ko 7 2 ko)

— +
ASCpr (512+,Kg _

+
ACC

515_+,Kg)
PT (C12_+,Kg a CZ_JF,K%)
ACopr (C;Kg - C;+7Kg)

]mp—mﬁ|/mp [n]
(7 -7)

|9p + apl/e [r]
(kp + 1p) /[ bp

(mp — mg )/ my,

(mp — mz) / m,

(TA = 73)/ 7A

(Tsr =75 ) /754
(hsy + b5 )/ byt
(mee = m=y) /m=-
(7':__ — 7'?_,_) / T
(W= +p=y)/ |u=|
(mQ, — m§+) / me_
(TQ_ — T§+)/TQ_
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—0.16 + 0.19 GeV
(2+5)x1074

(6 +7)x10~4

(—0.6 +1.8) x 10~4
(0.10 + 0.09)% (S = 1.2)
(—0.27 + 0.21)%

(0.4 £ 0.6)%

(2.5 + 2.3) x 10~4
(—1.5+1.6) x 1072
(0.4 + 2.5) x 10~3
(—2.9 +£2.0)x 1073
<6x 10719, cL = 90%
(8 +8)x 10718

(0.34 + 0.32)°

(-3 +35)x 1076
0.008 =+ 0.008

0.16 + 0.23

—0.03 £0.14
0.14 £ 0.17
0.03 £ 0.14

<7x10710, cL = 90%
(0.1 +6.9) x 10—11

<7x 10710 cL = 90%
(0.002 + 0.004) x 10—°
(9 + 6) x 107°
(—0.1+1.1)x 1072 (S = 1.6)
—0.001 + 0.009
—0.0006 =+ 0.0012
0.014 + 0.015
(—34+9)x107°
—0.01 + 0.07

40.01 + 0.05
(—1+8)x107°

0.00 + 0.05
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TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

Lepton family number conservation means separate conservation of each of L, LM'

L,.
N(Z = eTuT) /Mol
NZ = eTrF)/Tiotal
NZ = uE7F)/Miotal
F(HO — eu)/Tiotal
F(HO — e7)/Tiotal
M(HO = u7)/Tiotal
olete™ — e:tT?) Jo(etTe™ = ptum)
olete™ — ,u:l:T:F) Jo(ete™ = ptpu™)
limit on u=— — e~ conversion
o(p= 325 5 e 325)
o(u= 35 > 1,32p%)
o(p~Ti— e Ti)/
o(p~ Ti — capture)
o(p” Pb— e~ Pb)/
o(p~ Pb — capture)
o(p” Au— e Au)/
o(p™ Au — capture)

limit on muonium — antimuonium conversion Rg =

Gc / GF

NMu- — e~ ueﬁu)/rtotm
F(p™ — e 7)/Tiotal
Mu- — e~ et e )/Tiotal
F(p™ — e 29)/Tiotal
M~ — e 7)/Tiotal
F(r™ = 1= 7)/Tiotal
M= = e 79)/Miotal
M= = = 79)/Tiotal
M~ = e KL)/Motal
rr= = = KQ)/Miotal
M~ — e 1)/Tiotal
F(r™ = 1™ 1)/Tiotal
M= = e p9)/Total
M= — p— ﬂo)/rtotal
N~ — e w)/Tiotal

HTTP://PDG.LBL.GOV

<7.5x 10~ 7, CL = 95%
<9.8 x 1076, CL = 95%
<1.2x 1072, CL = 95%
<6.1 x 1072, CL = 95%
<47 %1073, CL = 95%
<25x 1073, CL = 95%
<8.9x 1076, CL = 95%
<4.0x 1076, CL = 95%

<7 x 10711 cL = 90%

<43 x10712 cL = 90%
<46 x 10711 cL = 90%
<7x10713, cL = 90%
<0.0030, CL = 90%

<12 x 1072, CL = 90%
<4.2x 10713, CcL = 90%
<1.0 x 10712, cL = 90%
<72x10711 cL = 90%
<3.3x 1078, CL = 90%
<4.4x 1078, CL = 90%
<8.0 x 1078, CL = 90%
<1.1x 10~ 7, CL = 90%
<2.6 x 1078, CL = 90%
<2.3x 1078, CL = 90%
<9.2x 1078, CL = 90%
<6.5 x 1078, CL = 90%
<1.8 x 1078, CL = 90%
<1.2x 1078, CL = 90%
<4.8x 1078, CL = 90%
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M~ = p~ w)/Tiotal
M(r~ = ™ K*(892)0)/Myoral
M~ = = K*(892)0)/Miotal
Nr— — 6_7*(892)0)/rt0ta|
MNr— — u— 7*(892)0)/rt0ta|
M7~ — e 1n'(958))/Ttotal
MNr— — p— 77/(958))/rtota|
M(r~ — e 5(980) = e~ 777 )/Tioral
M(r— — u= f(980) = u™mt 7))/ Tiotal
M~ — e &)/Tiotal
M~ = p= #)/Tiotal
v~ — e et e )/Ttotal
Fr~ — e~ ut ™)/ Tiotal
rr— — etp—p~ )/Ttotal
MNr— — p— et e_)/rtotal
MNr— — ,u+ e e )/Tiotal
MNr— — u— M+ #_)/rtotal
rr— — e_7T+7T_)/rtota|
MNr— — p— at 71’_)/rtotal
Mt~ — e 7" K7)/Tiotal
MNr— — e @~ K+)/rtota|
Fr= = = KLKL)/Miotal
M7~ = e~ KT K™)/Tiotal
MNr— — p— at K_)/rtotal
Mr= — p= 7w~ K+)/rtota|
MNr— — u— K% K%)/rtotal
MNr—= — p— K+t K_)/rtotal
rr= = e~ n070) /Mot
MNr— — u— 70 71'0)/rtota|
F(r— = e n1)/Tiotal
F(v~ = w 11)/Tiotal
MNr— — e~ n0 m)/Ttotal
MNr— — u— 70 U)/rtotal
MNr— — e~ light boson)/rtotal
F(t— — p~ light boson)/I'yoq
LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

sin2(01,)

2
Am21

sin2(023) (Normal order)
Am%2 (Inverted order)

Am%2 (Normal order)
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<4.7x 1078, CL = 90%
<3.2x 1078, CL = 90%
<5.9x 1078, CL = 90%
<3.4 x 1078, CL = 90%
<7.0 x 1078, CL = 90%
<1.6 x 1077, CL = 90%
<13 x 1077, CL = 90%
<32 x 1078, CL = 90%
<3.4 x 1078, CL = 90%
<3.1x 1078, CL = 90%
<8.4x 1078, CL = 90%
<2.7x 1078, CL = 90%
<2.7x 1078, CL = 90%
<1.7x 1078, CL = 90%
<1.8x 1078, CL = 90%
<15 x 1078, CL = 90%
<2.1x 1078, CL = 90%
<2.3x 1078, CL = 90%
<2.1x 1078, CL = 90%
<3.7x 1078, CL = 90%
<3.1x 1078, CL = 90%
<7.1x 1078, CL = 90%
<3.4x 1078, CL = 90%
<8.6 x 1078, CL = 90%
<45 x 1078, CL = 90%
<8.0 x 1078, CL = 90%
<4.4x 1078, CL = 90%
<6.5x 1070, CL = 90%
<1.4 x 1072, CL = 90%
<3.5x 1072, CL = 90%
<6.0 x 1075, CL = 90%
<2.4 x 1075, CL = 90%
<2.2x 1072, CL = 90%
<2.7x1073, CL = 95%
<5x 1073, CL = 95%

0.307 + 0.013
(7.53 £ 0.18) x 1072 eV?2
0.545 + 0.021

(—2.54679-031) % 1073 ev2

(2.453 4 0.034) x 10~3 eV2

Created: 6/1/2020 08:29



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

sin2(013) (2.18 + 0.07) x 102
Frt = utve)/Meotal [q] <8.0x 1073, CL = 90%
Frt = p=etetv)/ Mol <1.6 x 1076, CL = 90%
F(9 = ute™)/Miotal <3.8 x 10710, cL = 90%
M9 = u=et)/Miotal <3.4 x 1079, CL = 90%
M0 = pte + p=et)/Miotal <3.6 x 10710, cL = 90%
Fn— pte + pet)/Miotal <6 x 1076, CL = 90%
(1 (958) — eu)/Tiotal <47 x 1074, CL = 90%
M(¢(1020) = e*uF)/Tyotal <2x 1070, CL = 90%
MKt = pvetel)/Mital <2.1x 1078, CL = 90%
FKT = 1T ve)/Tiotal [q] <4x1073, CL = 90%
Mkt = xtute ) /Tiotal <13 x 10711, cL = 90%
Mkt = 7t p=et)/Tiotal <5.2 x 10710, cL = 90%
MK = e* 1) /Tiotal [o] <4.7x 10712, CL = 90%
MK — et e® T uF)/Tigtal [o] <4.12x 1011, CL = 90%
F(K9 — 70uEeT)/Miotal [o] <7.6x 10711, CL = 90%
r(KY — 7970 1 eF)/Migral <1.7 x 10710, cL = 90%
(ot — 7tet u™)/Tiotal <2.9 x 107°, CL = 90%
F(DFT — 7t e  uh)/Miotal <3.6 x 1076, CL = 90%
(DT = Ktetu™)/Miotal <1.2x 1076, CcL = 90%
(Dt — KTe uT)/Miotal <2.8 x 1070, CL = 90%
r(D0 — uEeF) /Mgl [o] <1.3x1078, CL =90%
r(D9 — 70e® uF)/Tyotal [o] <8.6x 1075, CL = 90%
r(D9 — ne® uF)/Motal [o] <1.0x 1074, CL = 90%
r(D0 — nta= e uF)/Myoral [)] <1.5x1072, CL = 90%
r(00 — p0e® uF)/Moral [o] <4.9x 1072, CL = 90%
M0 — wetpyF) /Mgl [o] <1.2x 1074 CL = 90%
r(p0 — K=Kt et uF)/Mial [o] <1.8x10~%4, CL =90%
r(D0 = ¢e® uF)/Miotal [o] <3.4x1072 CL =90%
r(D0 —» KOe® 1) /Tiotal [o] <1.0x 1074, CL = 90%
r(o0 — K= xte®uF)/Motal [o] <5.53x 1074, CL = 90%
r(p0 — K*(892)0 e uF)/Miotal [o] <8.3x 1072, CL =90%
r(oF — =t et u™)/Motal <1.2x 1075, CL = 90%
r(Dj — mte ™ ut)/Miotal <2.0 x 1072, CL = 90%
r(0F — Ktetpn™)/Miotal <1.4 % 1075, CL = 90%
r(o = Kte uh)/Miotal <9.7 x 1076, CL = 90%
(BT — ntetu™)/Miotal <6.4 x 1073, CL = 90%
r(Bt — ate ut)/Miotal <6.4 x 1073, CL = 90%
r(Bt — ate®u¥)/Mital <1.7x 1077, CL = 90%
(Bt — atets7)/Niotal <7.4x 1075, CL = 90%
r(B* — nte 1) /Niotal <2.0 x 1079, CL = 90%
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r(Bt = nteTrF)/Miotal <7.5x 1072, CL = 90%
(BT — 7t ut77)/Tiotal <6.2x 1072, CL = 90%
BT = 7t u=71)/Tiotal <4.5x 1072, CL = 90%
r(Bt = ntpErF)/Miotal <7.2x 1072, CL = 90%
(BT — Ktetu™)/Tiotal <7.0x 1079, CL = 90%
rBt - Kte ut)/Miotal <6.4 x 1079, CL = 90%
r(Bt = KtetuF)/Mal <9.1 x 10~8, CL = 90%
r(BY — Ktet77)/Tiotal <43 x 1079, CL = 90%
[(BY — Kte ) /Tiotal <1.5x 1072, CL = 90%
r(Bt = KtetrF)/Miotal <3.0 x 1072, CL = 90%
BT = Kt ut77)/TNiotal <4.5x 1072, CL = 90%
(BT — KT u=77)/Tiotal <2.8x 1072, CL = 90%
rBt — Kt uTrF)/Motal <4.8x 1072, CL = 90%
r(Bt — K*(892)* et ™) /Motal <13 x107%, cL = 90%
r(BT — K*(892)"Te™ ut)/Tiotal <9.9x 1077, CL = 90%
r(Bt — K*(892)" e* 1 F)/Tiotal <1.4 x 107°, CL = 90%

[o] <1.0x 1079, CL = 90%
<1.4x10~7, CL = 90%
<2.7x 1077, CL = 90%
<1.6 x 107, CL = 90%
<1.2x10~7, CL = 90%
<1.8x 10~ 7, CL = 90%

r(BY - e+ uF)/Miotal

r(B% — 79 u¥F)/Iial

r(B% » KOe®uF)/Miotal

r(8% — k*(892)%e™ 117)/Mioral
r(BY — K*(892)%e~ put)/Motal
r(B% — Kk*(892)0 e 1uF)/Tyoal

r(B% » et 7F)/Motal [o] <2.8x 1072, CL = 90%
r(B% —» p&7F) /Mol [ <1.4x1072, CL =95%
M(B — seTuF)/Tioral [o] <2.2x1072, CL = 90%

<9.2 x 1078, CL = 90%
<32 x1076, CL = 90%
<3.8x 1078, CL = 90%
<5.1x10~7, CL = 90%
[o] <5.4x 1079, CL = 90%
<1.6 x 107, CL = 90%
<83 x 1076, CL = 90%
<2.0x 1076, CL = 90%
<6.0 x 1076, CL = 95%
<32 x1076, CL = 90%
<33 x1076, CL = 90%
<4.2x 1075, CL = 90%
<3.1x 1075, CL = 90%

M(B = meT uF)/Tiotal

rneB — Pei/ﬂ:)/rtotal

M(B = KeTuF)/Miotal
M(B — K*(892)e* uF)/Tioal
F(Bg = et uF)/Motal
F(J/w(S) = e uF)/Tigpal
F(J/w(S) = e 7F)/Tioral
FJ/w(1S) = pE7F)/Tigal
M(T(S) - uE7F)/Tiotal
M(7(2S) = eT7F)/Total
[(r@2S) = pE7F)/Miotal
M(13S) = eT7F)/Motal
M(T3S) = uErF)/Tiotal

FAT = pet u™)/Miotal
FAT = pe™uT)/Miotal
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<9.9 %1079, CL = 90%
<1.9 x 102, CL = 90%
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Violation of total lepton number conservation also implies violation of lepton family
number conservation.

NZ — pe)/Tiotal
r(Z - PN)/rtotaI

limit on = — e™ conversion

o(p= 325 — et 325%) /
U(u_325 — VM32P*)

U(ﬂ_ 127| N e+127Sb*)/
o(p™ 127 anything)

o(p~Ti— et Ca)/

o(p™ Ti — capture)

MNr— — e+7r_7r_)/rtota|
MNr— — ,u+71'_7r_)/|'tota|
M~ = et 7™ K7)/Tiotal
M~ — e" K™ K™)/Tiotal
M~ — pt 77 K7)/Tiotal
M~ = uT K™ K7)/Tiotal
Fr™ = pe™ 17 )/Tiotal
M= = ppt £ )/ Total
F(r~ = P7)/Ttotal
G f_”ro)/rtotal

M~ = B270)/Tiotal
M7~ = B1)/Total

F(r= = 57°0)/Tiotal
M~ = An7)/Tiotal

F(r~ = An7)/Tiotal
t1/2( 70Ge — 765e 4 2™ )

tl/z( 136x. _, 136p, +2e7)
tl/z( 130T 5 130xe +2e7)

F(7r+ - /ﬁ_ge)/rtotal
MKT = 7=t e™)/Tiotal
NKT — 77 eTeT)/Tiotal
r(K+ - 7w N+N+)/rtota|
F(K+ - /ﬁ_ve)/rtotal
Mkt = 70eT7,)/Motal
(DT — 77 2eT)/Tiotal
(DT — 77 2uh)/Tiotal
[(DF — 7= et u™)/Tiotal
r(D+ — P_ 2.UJ+)/rtota|

HTTP://PDG.LBL.GOV

TOTAL LEPTON NUMBER
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[q]

[q]
[q]

<1.8x 1079, CL = 95%
<1.8x 1079, CL = 95%

<9x 10710 cL = 90%

<3x 10710 cL = 90%
<3.6 x 10711, cL = 90%

<2.0 x 1078, CL = 90%
<3.9x 1078, CL = 90%
<3.2x 1078, CL = 90%
<3.3x 1078, CL = 90%
<4.8 x 1078, CL = 90%
<47 x 1078, CL = 90%
<4.4x10~7, CL = 90%
<33x 1077, CL = 90%
<3.5x 1076, CL = 90%
<1.5x 1072, CL = 90%
<3.3x 1072, CL = 90%
<8.9x 1076, CL = 90%
<2.7x107°, CL = 90%
<7.2x 1078, CL = 90%
<1.4x10~7, CL = 90%
>9.0 x 102% yr, CL = 90%

>10.7 x 1025 yr, CL = 90%
>1.5 x 1025 yr, CL = 90%

<1.5x 1073, CL = 90%
<5.0 x 10710 cL = 90%
<22x10710 cL = 90%
<42 x 10711 cL = 90%
<3.3x 1073, CL = 90%
<3x 1073, CL = 90%
<1.1x 1076, cL = 90%
<22 %1078, CL = 90%
<2.0 x 1076, CL = 90%
<5.6 x 104, CL = 90%
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(bt — K~ 2et)/Tiotal <9x 1077, CL = 90%
(0t — K~ 2uh)/Teotal <1.0 x 1072, CL = 90%
(DT = K~ et uh)/Miotal <1.9 x 1076, cL = 90%
M0t — K*(892)~ 2ut)/Miotal <8.5x 1074, CL = 90%
M(D0 — 27~ 2e™ + c.c.)/Tiotal <1.12x 1074, CL = 90%
r(D0 — 2r—2ut + ce.)/Tiotal <2.9 x 1072, CL = 90%
r(D0 — K= 7 2ut+ cc)/Tiotal <3.9 x 10~4, CL = 90%
r(D0 - 2K~ 2et + c.c.)/Myotal <152 x 1074, CL = 90%
r(D0 - 2K~ 2uT + c.c.)/Tiotal <9.4x 1079, CL = 90%
r(D% — 7= 7~ et ut + cc.)/Tiotal <7.9 x 1072, CL = 90%
(D0 - K= n—etut + cc)/Meotal <2.18 x 10~4, CL = 90%
r(D0 - 2k~ et put 4 cc)/Miotal <5.7x 1072, CL = 90%
r(D% = pe™)/Tiotal [r] <1.0x 1072, CL = 90%
r(D% — Bet)/Miotal [s] <1.1x1075, CL =90%
r(DF — 7~ 2e%)/Mioal <4.1x 1076, CL = 90%
r(0F — 7= 2u™F)/Tigtal <1.2x 1077, CL = 90%
r(of — 7= et 1) /Tigtal <8.4 x 1076, CL = 90%
r(D — K™ 2e7) /Mgl <5.2x 107°, CL = 90%
r(DF — K= 2uH)/Mioral <13 x 1072, CL = 90%
r(DF = K= et uT)/Miotal <6.1 x 107°, CL = 90%
r(DF — K*(892)~ 2u™)/Tiotal <1.4 x 1073, CL = 90%
r(Bt — n et et)/Motal <2.3x 1078, CL = 90%
(BT — 7~ utut)/Miotal <4.0x 1079, CL = 95%
r(BY — 7~ et uT)/Tiotal <15x 1077, CL = 90%
rBt — p~eTet)/Miotal <1.7x 1077, CL = 90%
rBY — o~ utut)/Miotal <42 %1077, CL = 90%
r(B* — p~etu®)/Tiotal <47 x 1077, CL = 90%
(BT — K~ etel)/Miotal <3.0 x 1078, CL = 90%
rBt = K= ut ut)/Miotal <4.1x 1078, CL = 90%
rBt — K= et ut)/Tiotal <1.6 x 10—/, CL = 90%
(BT — K*(892) " etel)/Tiotal <4.0 x 1077, CL = 90%
r(BY — K*(892) uT ut)/Miotal <5.9x 1077, CL = 90%
(BT — K*(892)" e ut)/Tiotal <3.0x 1077, CL = 90%
r(Bt — D etet)/Miotal <2.6 x 1076, CL = 90%
r(8t — D~ et ut)/Miotal <1.8 x 1076, CL = 90%
r(B* — D= utut)/Miotal <6.9x 1077, CL = 95%
(BT — D* ut ut)/Tiotal <2.4 x107°, CL = 95%
r(B+Y — D ut p®)/Tgtal <5.8x 107/, CL = 95%
r(BT — DO ut ut)/Miotal <1.5x 1076, CL = 95%
r(Bt — A%ut)/Miotal <6 x 1078, CL = 90%
r(Bt — A0et)/Tiotal <3.2x 1078, CL = 90%
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r(Bt = 2%u%)/Miotal <6 x 1078, CL = 90%
r(B+t — A0et)/lopal <8x 1078, CL = 90%
F(BY = AL u7)/Tiotal <1.4 x 1076, cL = 90%
r(BY — At e™)/Motal <4x 1070, CL = 90%
FA = 7te™)/Tiotal <6 x 1077, CL = 90%
FA = 7t 07) Tiotal <6 x 10~7, CL = 90%
MA— 7~ et)/Miotal <4 %1077, CL = 90%
MA = 77 1) /Total <6 x 1077, CL = 90%
FA = Kt e™)/Tiotal <2x 1070, CL = 90%
FA = KT 7))/ Teotal <3x 1070, CL = 90%
MA— K™ et)/Tiotal <2x 1070, CL = 90%
MA = K™ u)/Tiotal <3x 1070, CL = 90%
rA = KQv)/Tioal <2x 1072, CL = 90%
M=~ = pu~ 1)/ Tiotal <4x 1078, CL = 90%
FAL = B2eT)/Tiotal <2.7 x 107°, CL = 90%
rAL = p2u™)/Miotal <9.4 x 1076, CL = 90%
r(/\;L — pet ) /Miotal <1.6 x 1072, CL = 90%
rAd = ==t uh)/Mioal <7.0x 1074, CL = 90%

BARYON NUMBER

[(Z — pe)/Tiotal <1.8x 1076, CL = 95%
NZ — pu)/Tiotal <1.8x 1076, CL = 95%
M~ = pu~ 17 )/Tiotal <4.4x 1077, CL = 90%
M~ = But ™)/ Tiotal <33 x 1077, CL = 90%
F(r~ = B9)/Tiotal <3.5x 1079, CL = 90%
r(r= = pm0)/Tiotal <1.5x 1072, CL = 90%
M= = p279)/Tiotal <3.3x 1072, CL = 90%
F(r~ = P1)/Ttotal <8.9x 1076, CL = 90%
r(r~ = p70n)/Tiotal <2.7 %1072, CL = 90%
M~ = An7)/Tiotal <7.2x 1078, CL = 90%
M(r~ = A7) /Tiotal <1.4x10~7, CL = 90%
r(D0 = pe™)/Mrotal [f] <1.0x 1073, CL = 90%
I'(DO N 5e+)/rtotal [s] <1.1x 1075, CL = 90%
F(BT = A0ut) /Mol <6 x 1078, CL = 90%

r(BT = A%et)/Tiotal <3.2x 1078, CL = 90%
r(B+t — A0ut)/Meotal <6 x 1078, CL = 90%

r(Bt — Aet)/Mial <8x 1078, CL = 90%

r(BY = AT u7)/Tiotal <1.4 x 107%, CL = 90%
r(BY — ATe™)/Miotal <4 x 1076, CL = 90%
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p mean life [t] >3.6 x 1029 years, CL = 90%

A few examples of proton or bound neutron decay follow. For limits on many other nucleon decay channels,
see the Baryon Summary Table.

(N = et ) > 5300 (n), > 16000 (p) x 1030 years, CL
= 90%

(N = ptn) > 3500 (n), > 7700 (p) x 1030 years, CL
= 90%

(N = et K) > 17 (n), > 1000 (p) x 1030 years, CL =
90%

(N = ptTK) > 26 (n), > 1600 (p) x 1030 years, CL =
90%

limit on n7 oscillations (free n) >0.86 x 108 s, CL = 90%

limit on n7 oscillations (bound n) [u] >2.7 % 108 s, CL = 90%

MA = 77 e™)/Tiotal <6 x 1077, CL = 90%

FA = 7707 /Tiotal <6 x 1077, CL = 90%

MA— 7~ et)/Miotal <4x 1077, CL = 90%

FA = 7~ ) /Tiotal <6 x 1077, CL = 90%

FA = KTe)/Tiotal <2x 1076, CcL = 90%

FA = KT u7)/Teotal <3x 1070, CL = 90%

MA— K™ et)/Tiotal <2x 1070, CL = 90%

FA = K™ ut)/Teotal <3x 1076, cL = 90%

rA = KQv)/Tioal <2 x 1072, CL = 90%

F(A = B7)/Tiotal <9x 1077, CL = 90%

r(/\z_r — p2et)/Tiotal <2.7x1076, CL = 90%

FAL = p2ut)/Tiotal <9.4 x 1079, CL = 90%

r(/\zf — Pet ) /Miotal <1.6 x 1072, CL = 90%

ELECTRIC CHARGE (Q)

~ charge (mixed) <1x107%0 ¢

~ charge (single) <1x10"3F e

e — Vg7 and astrophysical limits [v] >6.6 x 1028 yr, CL = 90%

v charge <4 x 10735 e, CL = 95%

’qp—i—qe’/e [x] <1x10—21

n charge (—0.2 £0.8) x 10721 ¢

F(n—= pre¥e)/Tiotal <8x 10727, CL = 68%
AS = AQRULE

Violations allowed in second-order weak interactions.

Fkt = 7t 7t e v)/Miotal <13 x 1078, CL = 90%
_ 6 L —
MKT = 77t 0 7,)/Miotal <3.0x 107°, CL = 95%
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Re(x,.), Kg3 parameter (—0.9 +3.0) x 103
x=AKO = 770t u)/A(KO = 77T 0) = A(AS=—AQ)/A(AS=AQ)

real part of x —0.002 £ 0.006

imaginary part of x 0.0012 + 0.0021
M=t = netv)/I(Z7 - nt™D) <0.043
=t = netwvy)/Miotal <5x 1076, CL = 90%
M=t = et v,)/Miotal <3.0x 1072, CL = 90%
=0 — == et v.)/Miotal <9 x 1074, CL = 90%
M=% — =71t v,)/Miotal <9 x 1074, CL = 90%

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

M0 = pr)/Tiotal <8 x 1070, CL = 90%
r(_:O — pe” Ve)/Tiotal <1.3x 1073

M=% > pu=7,)/Mrotal <13x 1073

M=~ = n77)/Tiotal <1.9 x 1072, CL = 90%
[~ > ne 7g)/Tiotal <3.2x 1073, CL = 90%
ME" = 007 7,)/Miotal <1.5x 1072, CL = 90%
M= = pn ")/ Myotal <4 x 1074, CL = 90%
F(E" = prn™ e Vg)/Tiotal <4x 1074, CL = 90%
M=~ = pr u” 7,)/Tiotal <4x 1074, CL = 90%
M2~ = An7)/Tiotal <2.9 x 107%, CL = 90%

AS = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.
™o = My (0.5293 =+ 0.0009) x 1010 7 s—1 (S = 1.3)

mo — m (3.484 + 0.006) x 1012 MeV
L S

AC = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

_ 10.41 10 5 —1
’mD? —mD8’ =zl (09575 45) x10°* K s
0.14 2
(To-T0)/F =2y (1.2979-1%y 10
Do~ 'Y 0.18
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AB = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

X4 0.1858 + 0.0011
Ampgy =mgy — mpg (0.5065 = 0.0019) x 1012 7 s—1
H L

xg = Bmgo /T go 0.769 + 0.004

Amg=moy —mpgg (17.749 =+ 0.020) x 1012 7 s—1
Bs BsH BsL

Xg = AmBg/ng 26.89 + 0.07

Xs 0.499312 + 0.000004

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

MKt = 7tete™) /Mol (3.00 =+ 0.09) x 10—/
MK = 7wt ™) Teotal (9.4 + 0.6) x 1078 (S = 2.6)
MKt = 7 uD)/Miotal (1.7 £ 1.1) x 10710
MKt = 77 790%) /M oeal <43 x 1072, CL = 90%
MK = whu7)/Miotal <8 x 10710, CL = 90%
F(K% — eTe ) /Tiotal <9x 1079, CL = 90%
r(K% — n0ete ) /Total bl @G 0+1.5) x 1079

15
r(K% = 7Oty ) /Total (2. 9+ 2) x 107 °
r(k9 - +u )/Teotal (6.84 j: 0.11) x 1079
F(K? — ete” )/rtotal (91‘2) x 10_12
M(KY - ntrete™)/Mygal [z] (3.11 4 0.19) x 10~ 7
MK — 0r e+ e )/Tiotal <6.6 x 1079, CL = 90%
r(kY - 0r +,r)/rtota, <9.2x 10~11, cL = 90%
M(KY — ptp= et e™)/Motal (2.69 £ 0.27) x 109
MK = etemete™) /Mol (3.56 + 0.21) x 108
r(k9 — wou 17)/Tiotal <3.8x 10710, cL = 90%
(k9 — m0ete™)/Mopal <2.8x 10710, cL = 90%
MK = 70uD)/Tioal <3.0x 1079, CL = 90%
(k9 — 70n0um)/Myoal <8.1x 1077, CL = 90%
rzt — pet e )/Tiotal <7 x 10_6
M=+ = put =)Mol (24710 x 1078
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AC =1WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

M(DT — atete™)/Miotal
r(ot — 7T+M+M_)/rtota|
F(D+ - P+ #+ £ )/ Teotal
r(DO = YY)/ Ttotal

r(D% — ete)/Motal

r(DO — N+N_)/rtota|

r(p% » et e™)/Motal
r(D% — w0ut =) /Mgtal
F(D0 — ne+ e_)/rtota|

r(DO = nut ™) /Tiotal

(D0 — rtr—ete ) /Mol
F(D0 — pO eT e_)/rtota|
r(D0 - 7t a= put ™)/ Tiotal
r(00 — p0ut =) /Fotal
r(p0 - wete™)/Miotal

r(D% — wpt u™)/Teotal

(D0 - K= Ktete )/Miotal
r(D0 — gete™)/Tiotal

r(00 — K=Kt ut u™)/Meotal
r(DO — gb'u—i_ .u'_)/rtotal

(D0 » K7t ut u™)/Miotal
I'(D0 — 7r+71'_71'0,u+,u_)/|'tota|

r(DF — Ktete ) /Mol

I'(D:' — K+,u+,u_)/rtota|

r(DF — K*(892)T put ™) /Tiotal
r(/\i‘ — peTe™)/Tiotal

F(/\j— — ppT uT non-resonant)/Myoa

<1.1x 1070, cL = 90%
<7.3x 1078, CL = 90%
<5.6 x 10~4, CL = 90%
<8.5x 107, CL = 90%
<7.9x 1078, CL = 90%
<6.2x 1079, CL = 90%
<4 x 1070, CL = 90%
<1.8 x 104, CL = 90%
<3x 1070, CL = 90%
<5.3 x 1074, CL = 90%
<7x 1070, CL = 90%
<1.0 x 104, CL = 90%
(9.6 + 1.2) x 10~/

<22 x 1075, CL = 90%
<6 x 1070, CL = 90%
<8.3x 104, CL = 90%
<1.1 x 1072, CL = 90%
<5.2x 1079, CL = 90%
(1.54 + 0.32) x 10~/
<3.1x 1072, CL = 90%
<3.59 x 1074, CL = 90%
<8.1x10~4, CL = 90%
<3.7x 1070, cL = 90%
<2.1x 1075, CL = 90%
<1.4x 1073, CL = 90%
<5.5x 1076, CL = 90%
<7.7x1078, CL = 90%

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

(BT — 7Tt 67)/Tiotal
BT — nTete™)/Tiotal
et — otut )/ Tiotal
(Bt — 77 vo)/Tiotal

(BT — KT 7))/ Tiotal
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<4.9 x 1078, CL = 90%
<8.0 x 1078, CL = 90%
(1.75 £ 0.22) x 10~8
<1.4 x 1075, CL = 90%
[aa] (4.51 4+ 0.23) x 10~/ (S = 1.1)
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Ktet
Kt wt

e )/Tiotal

1)/ Teotal
KT uF i~ nonresonant) /Ty

Ktrt )/ Ttotal

K+t vv)/Tiotal

pt v7)/Tiotal

K*(892) T ¢ 07) /Tiotal
K*(892) T eTe™)/Miotal
K* (892)+ ptp~ )/Ttotal
K*(892) " vD)/Tiotal

Kt rtn™ptu )/Ttotal
¢ KT M+ I )/rtotal
YY)/ Ttotal

et e )/Total

ete” )/ Ttotal

w7 Teotal

pE i) Miotal

pF T ) Total

SP, §— u+ wo
7——‘_7—_)/rtotal
7T0E—i_g_)/rtotal
nlete” )/Ttotal
Ot #7)/Tiotal
et €7)/Tiotal
net e )/Ttotal
77.U+ ﬂ_)/rtotal
0 v7)/Tiotal
K0£+£_)/rtotal
KOet e )/Ttotal
KOt ™) /Teotal
KO v7)/Tiotal

pO v7)/Tiotal
K*(892)0 41 07) /T iotal
K*(892)0 et e™)/Miotal
K*(892)0 ut i~ )/Ttotal
rtr Tt )/Ttotal
K*(892)007) /T yotal
invisible) /Ty ¢4
v7y)/Tiotal
¢vD)/Tiotal

rB — set e )/Tiotal

HTTP://PDG.LBL.GOV

P— “+“_)/rtotal

[aa]

[bb]

[aa]

[aa]

(5.5 +0.7) x 10~/

(4.41 £ 0.22) x 10~ 7 (S = 1.2)
(437 £ 0.27) x 10~/

<2.25x 1073, CL = 90%

<1.6 x 1072, CL = 90%

<3.0 x 1072, CL = 90%

(1.01 £ 0.11) x 1076 (S = 1.1)

1.5510-40y o 10—6
~0.31

(9.6 + 1.0) x 10~/

<4.0 x 1072, CL = 90%
(4.3 +0.4) x 10~ 7
(7.9F721) x 10-8
<3.2x10~7, CL = 90%
<8.3x 1078, CL = 90%
<1.2x10~7, CL = 90%
(11713 x 10710 (s = 1.6)
<1.6 x 10—/, CL = 90%
<6.9 x 10710, cL = 95%
<6.0 x 10710, cL = 95%
<2.1x1073, CL = 95%
<5.3x 1078, CL = 90%
<8.4 x 1078, CL = 90%
<6.9 x 1078, CL = 90%
<6.4 x 1078, CL = 90%
<1.08 x 10—/, CL = 90%
<1.12 x 10—/, CL = 90%
<9x1076, cL = 90%
(31798 x 1077
(16759 x 1077

(3.39 + 0.34) x 10—/
<2.6 x 1072, CL = 90%
<4.0 x 1072, CL = 90%
(0.9712) x 1077

(1037919 106

(9.4 + 0.5) x 10~/

(2.1 +0.5) x 10~8

<1.8x 1072, CL = 90%
<2.4x 1072, CL = 90%
<1.7x 1072, CL = 90%
<1.27 x 1074, CL = 90%
(6.7 £ 1.7) x 1070 (S = 2.0)
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re — 5N+#_)/rtota|

M(B — stT07)/Tiotal

M(B — 7t 67)/Tiotal

M(B — mete™)/Tiotal

re — 77#+ N_)/rtotal

(B — Kete™)/Tiotal

M(B — K*(892)et e™)/Tiotal
re — KN+N_)/rtota|

M(B — K*(892)ut ™) /Tiotal
M(B— KETL7)/Tiotal

M(B — K*(892)¢T07)/Tiotal
M(B — Kvo)/Tiotal

M(B — K*uD)/Tiotal

rB — ”Vv)/rtotal

rB — puﬁ)/l’tota|

F(b— 357v)/Tiotal

F(E — /ﬁ' I anything)/rtota|

"(Bg = 1)/ Ttotal

F(Bg — 7)/Ttotal

I'(Bg — ptp~ )/Ttotal

r(B2 — ete™)/Motal

rB2 - 7+ 77)/Tiotal

F(Bg = pT T a7 Tiotal

rBY » SP, S— puTu=, P— up7)/Tgtal
r(BY — ¢(1020) u™ 17)/Tiotal

F(Bg = at e T T Miotal
F(Bg — 6vD)/Tiotal

(4.3 +1.0)x 1070

[aa] (5.8 +1.3)x 1076 (S =1.8)
<5.9x 1078, CL = 90%
<1.10 x 10~ 7, CL = 90%
<5.0 x 1078, CL = 90%
(4.4 +0.6) x 10~/
(1.19 £ 0.20) x 1076 (S = 1.2)
(4.4 +0.4) x 10~
(1.06 + 0.09) x 106
(4.8 +0.4) x 10~ 7
(1.05 + 0.10) x 10~
<1.6 x 1072, CL = 90%
<2.7x 1072, CL = 90%
<8 x 1070, CL = 90%
<2.8x 1079, CL = 90%
<6.4 x 10~4, CL = 90%
<3.2x 104, CL = 90%
<3.1x 1070, cL = 90%
(3.4 + 0.4) x 1072
(3.0 £ 0.4) x 1079
<2.8x 107, CL = 90%
<6.8 x 1073, CL = 95%
<25x1079, CL = 95%

[bb] <2.2x 1079, CL = 95%
(8.2 4+ 1.2) x 10~/
(8.4 +1.7) x 10~8
<5.4x 1073, CL = 90%

AT =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

Mt — Zq(g=u,c))/Tiotal

Mt — Hu)/Tioral

M(t — Hc)/Tiotal

Mt — (739 (g=d.s,b; ¢'=u,¢))/Tiotal
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[cc] <5x 1074, CL = 95%
<1.2x 1073, CL = 95%
<1.1x 1073, CL = 95%
<1.6 x 1073, CL = 95%
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NOTES

[a] Forbidden by angular momentum conservation.

[b] C parity forbids this to occur as a single-photon process.

[c] See the Particle Listings for the (complicated) definition of this quantity.
[d] Time-reversal invariance requires this to be 0° or 180°.

[e] This coefficient is zero if time invariance is not violated.

[f] Allowed by higher-order electroweak interactions.

[g] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[h] In the 2010 Review, the values for these quantities were given using a
measure of the asymmetry that was inconsistent with the usual definition.

[i] Re(€’ /) = € /e to a very good approximation provided the phases satisfy
CPT invariance.

[/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K? — 7wt 7~ ~(DE).

[k] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys.
Rev. D12, 2744 (1975).

[/] Derived from measured values of ¢, _, ¢qq, ‘n‘ ‘mK(Z — ng‘, and

T )0, as described in the introduction to “Tests of Conservation Laws.”
S

n| The |m,—mys|/m, and |q, + gg|/e are not independent, and both use
p— "o/ Mp p p
the more precise measurement of |g5/m|/(qp/m)).

[0] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[p] A test of additive vs. multiplicative lepton family number conservation.

[q] Derived from an analysis of neutrino-oscillation experiments.

[r] This limit is for either D® or D° to pe.

[s] This limit is for either D® or D° to pe™.

[t] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is 75 > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
5/B(P — €7 79) > 7 x 10° yr.

[u] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the

HTTP://PDG.LBL.GOV Page 33 Created: 6/1/2020 08:29



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

best limit comes). The first limit here is from reactor experiments with
free neutrons.

[v] This is the best limit for the mode e~ — v+. The best limit for Nuclear
de-excitation experiments is 6.4 x 10%% yr.

[x] The limit is from neutrality-of-matter experiments; it assumes g, = g, +
ge. See also the charge of the neutron.

[y] See the K% Particle Listings for the energy limits used in this measure-
ment.

ee the article Listings for the energy limits used in this measure-
z] See the K9 Particle Listings for th limits used in th
ment.

[aa] An ¢ indicates an e or a ;x mode, not a sum over these modes.

[bb] Here S and P are the hypothetical scalar and pseudoscalar particles with
masses of 2.5 GeV/c? and 214.3 MeV/c?, respectively.

[cc] This limitis for ['(t — Zq)/T(t — W b).
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